The reproductive patterns of male house shrews, Suncus murinus, inhabiting Taichung, Taiwan, were investigated September 1990-February 1992 with animals collected monthly. The annual average body weight and testis weight were 58.6 g and 87.0 mg, respectively, for adults (n = 183) and 32.9 g and 47.2 mg, respectively, for juveniles (n = 19). Levels of androgen in plasma of adult males were highest during March (882.9 pg/ml) through August (714.5 pg/ml), and then decreased gradually to 357.5 pg/ml in February. Histological examination of testes revealed that spermatogenesis occurred year round with maximal activity and intensity during March-August. Males in reproductive condition were present year round with the greatest number in July-August and the lowest in December-February, according to their spermatogenic activity. Levels of androgen in plasma were correlated with spermatogenic activity and growth of the seminal vesicle-prostate. Body weight, testis weight, weights of epididymis and seminal vesicle-prostate, and level of androgen in plasma were correlated with length of day, temperature, and rainfall. Our study demonstrated that male Suncus murinus in central Taiwan is a continuous breeder with greater reproductive activity and intensity during spring and summer. This is the only study to investigate seasonal or monthly patterns of androgens in plasma of wild S. murinus and is the first to demonstrate that sexual maturation and development in wild populations are correlated with photoperiod and other environmental factors.
public health in urban areas because it likely is associated with many diseases (Brook et aI., 1980) . Suncus murinus is distributed widely throughout Taiwan. Little information is available for S. murinus inhabiting subtropical Taiwan, except for reports of McNeill et aI. (1968) and Yosida (1982) , from a serological survey and a cytogenetical study, respectively. We have conducted a series of studies investigating annual reproductive patterns of both males and females of S. murinus. We report here the annual reproductive patterns of male S. murinus with respect to: 1) changes in the weights of body, testis, and accessory sexual organs; 2) testicular development and spermatogenic activity; 3) patterns in levels of circulating androgen; and 4) correlations among changes of various reproductive parameters and environmental factors.
MATERIALS AND METHODS
House shrews were collected September 1990-February 1992 around the residential area on the campus of Tunghai University, Taichung, Taiwan (24°1O.68'N, 120 0 35.90'E; 184 m elevation) . Records of temperature, length of day, rainfall, and relative humidity during the collection period were obtained from the Taichung Weather Station (Figs. 1a and 1b) .
Animals were captured with metal live-traps baited with sausages by setting different traplines with 100 traps for 4 days in the middle of each month. Traps on the study sites were examined every morning (0800-0830 h). Captured animals were transported immediately to the laboratory for examination.
Animals were sacrificed :::;2 h after they were collected from study sites. They were anesthetized with ether, and body weights and lengths (body and tail) were measured before they were bled by puncture of the vena cava with a heparinized syringe. Whole blood was centrifuged for 15 min at 1,000 rpm, and plasmas were collected and stored at -20°C until assayed.
Testes, epididymides, and seminal vesicle + prostates were removed, and their weights (to the nearest 1.0 mg) were recorded. Right testis and epididymis were fixed in Bouin's fluid. After embedding in paraffin, sections were cut at 5J.L and stained with hematoxylin and eosin for histological examinations of spermatogenic activity.
Levels of androgen in the plasma of male shrews were measured by radioimmunoassay (Chen et aI., 1987) . Steroids in samples were extracted with diethyl ether and were incubated with tritiated testosterone (New England Nuclear, Boston, MA) and anti-testosterone-3-CMO-BSA serum. The cross-reactivities of the antiserum with various androgens were tested for testosterone (100%), dihydrotestosterone (74%), androstenedione (1.23%), and androstenediol (0.59%- Yu et aI., 1988) . Thus, data are expressed as androgen, which mainly is represented by testosterone and possibly some dihydro- testosterone in the plasma. The inter-assay and intra-assay coefficients of variation (elf) were 11.9 (n = 5) and 3.4% (n = 5), respectively. Analysis of variance (ANOV A) was used to analyze differences among variables. Correlations among reproductive parameters and relationships between reproductive parameters and climatic factors were estimated using Pearson's product-moment correlation coefficients. Probability levels of ::;0.05 were taken to indicate significance in comparison of means and correlations. Mean values were given with standard errors.
RESULTS
Seasonal changes.-A total of 202 male shrews was examined (183 adults, 19 juveniles; Tables 1 and 2). Mean (± 1 SE) body weight of adults was 58.6 ± 10.2 g and varied monthly with the least in November (51.2 ± 11.2 g) and the greatest in August (65.5 ± 13.5 g), and they exhibited significant monthly differences (F = 1.75; d.f = 17, 165; P < 0.05; Table 1 ). The least and greatest body weights in 183 adult rnales were 38.5 g in December 1990 and 85.5 g in August 1990, respectively. For ju-veniles, mean body weight was 32.2 ± 5.2 g, with the greatest being 41.6 g in September 1991 and the leastest being 23.5 g in January 1991.
Length of body of adult S. murinus remained relatively stable year round; the mean length of body among months was 223 ± 17 mm with a range of 192-249 mm (Table 1) . Average length of body of juveniles was 194.9 ± 9.8 mm.
Mean weights of testis of adults and juveniles were 87 ± 18 mg (range = 55-130 mg; n = 183) and 45 ± 8 mg (range = 30-53 mg; n = 19), respectively. Monthly changes of testis weights of adult house shrews existed, and there were significant monthly differences in the somatic index of Histological observations of testes.-Testicular development and spermatogenesis in adult shrews were categorized arbitrarily into four stages according to presence of germ cells in different phases of development: stage I, inactive seminiferous tubules with presence of spermatogonia and spermatocytes only ( Fig. 2a ); stage II, developing phase where spermatids and spermatozoa appeared (Fig. 2b) ; stage III, maximal spermatogenic stage with most abundance of spermatozoa in the seminiferous tubules ( Fig. 2c) ; stage IV, regressing phase with few spermatozoa and most germ cells were deranged (Fig. 2d ).
Maximal spermatogenesis (stage III) occurred in every month of the year (Fig. 3) ; it accounted for >60% of the four stages March-November and was 100% in July. During December-February, the proportion of stage III was 25-50%. Stage I was not 187 30 201 (199,202) 49 (45, 52 peak in levels of androgen in plasma of adult S. murinus, but higher levels appeared from March (882.9 pg/ml) through August (714.5 pg/rnl), then decreased gradually with the lowest level in February (357.5 pg/ ml; Fig. If) . However, levels of androgen in plasma of adults were greatest when maximal spermatogenesis (stage III) occurred, and those levels (813 ± 207 pg/rnl, n = 98) differed (P < 0.05) from those of juveniles (156 ± 58 pg/ml, n = 8), and adults with stage I spermatogenesis (315 ± 68 pg/rnl, n = 21), where only spermatogonia and spermatocytes were present, but were not different (P > 0.05) from adults with stage II (443 ± 109 pg/rnl, n = 43) and with stage IV of spermatogenesis (430 ± 64 pg/ml, n = 4).
Significant correlations existed among growth of body, testis, epididymis, accessory sexual organs, and levels of androgen in plasma of male S. murinus (Table 3) nal vesicle + prostate) and climatic factors (monthly mean temperature, rainfall, relative humidity, and length of day) were examined (Table 4 ). Body weight, weight of testis, and level of androgen in plasma were correlated with temperature and length of day. Body weight was correlated with rainfall and relative humidity. Weight of testis was correlated with rainfall, but not relative humidity; level of androgen in plasma was not correlated with rainfall or relative humidity. Weight of seminal vesicle-prostate was correlated with temperature, rainfall, relative humidity, and length of day; weight of epididymis was correlated with all climatic factors, except relative humidity (Table 4).
DISCUSSION
Body weights of adult male S. murinus were relatively stable with a monthly average of 58.6 g, although they tended to decrease slightly during September-January. Studies indicated that geographical variation exists in body weight of adult male house shrews; e.g., 106 g from Calcutta (Louch et aI., 1966) , 53 g from Punjab (Khokhar, 1990) , 33 g from Rajasthan (Rana and Prakash, 1979) , 61 g from Rangoon (Brooks et aI., 1980) , 51 g from Okinawa (Oda and Shigehara, 1978) , and 55 g from Chekiang, China (Yang and Zhuge, 1989) . Ishikawa and Namikawa (1987) suggested that differences. in body weights of S. murinus from various localities were related to different strains. Accordingly, S. murinus from Taiwan, Okinawa, Chekiang of China, likely belong to the same strain due to their geographical closeness and similarity in body weight. Annual patterns of fecundity and testicular development.-Annual reproductive patterns of male S. murinus have been investigated in various tropical and subtropical areas in the world (Brooks et aI., 1980; Kanwar and Sheikher, 1975; Louch et aI., 1966; Rana and Prakash, 1979; Yang and Zhuge, 1989) . The percentage of fertile male S. murinus in Rangoon, Burma, was rather stable and high in all four seasons (82-93%) with greater activity in spring and summer; minor seasonal changes in testes were observed with lesser weights in cool-season months of December-February, and a 7-13% drop in percentage of fertile males in autumn and winter based on visible seminiferous tubules in testes (Brooks et aI., 1980) . Some seasonal fluctuation in weight of testis of S. murinus also was reported by Harrison (1955) in Malaysia, Barbethenn (1974) in Guam, and Louch et al. (1966) in Calcutta, India. Louch et aI. (1966) reported that no marked seasonal changes in number of males capable of reproduction; percentage of males with sperm was 80-100% as judged from stained smears from testis and epididymis. Slight seasonal variation in reproduction of S. murinus also was observed in Chekiang, southeastern China; percentage of fertile males was 83-90% in 4 seasons (Yang and Zhuge, 1989) . Rana and Prakash (1979) reported that male shrews in western Rajasthan, India, remained fecund throughout the year, but percentage of fecundity varied greatly, ranging from 30% in January to 100% in June and July. Results of our study revealed that male shrews in central Taiwan remained fertile every month in the year with the lowest percentage of fertility in cool months of December-February and greatest in warm and hot months of March-November. Accordingly, findings from our study and previous investigations (Kanwar and Sheikher, 1975; Louch et aI., 1966; Peterson, 1956; Rana and Prakash, 1979; Yang and Zhuge, 1989 ) demonstrate that male shrews in tropical and SUbtropical regions are reproductively capable yearround, but they exhibit seasonal variations in percentage of fertility. We observed that >60% of testes of S.
murinus exhibited maximal spermatogenesis during March-November, with 100% in July. During December-February, only 25-38% of adult males attained maximal spermatogenesis. Our study, thus, demonstrated that seasonal variation of spermatogenic activity exists in S. murinus in subtropical central Taiwan. Our study also indicated that histological examination of testes provides more specific information than did testis-epididymis smears, regarding changes in testicular development and spermatogenic activity.
Relation of levels of androgen in plasma to spermatogenic activity and accessory sexual organs.-Androgen plays a role in control of spermatogenesis in various species of mammals, testosterone is necessary for initiation of spermatogenesis, for reductive division of the primary spermatocyte, and possibly initiation of maturation of spermatids in the testis. Hasler et ai. (1977) investigated testicular development and concentration of testosterone in testis and plasma of young male shrews; they reported that patterns of concentration of testosterone in plasma and testis are comparable to those of the laboratory rat (Rattus rattus- Khorr et aI., 1970; Miyachi et aI., 1973; Resko et aI., 1968) , the house mouse (Mus musculus-McKinney and Desjardins, 1973) , and the guinea pig (Cavia porcellus- Resko, 1970) . Levels of testosterone in the testis and plasma peak just prior to the appearance of mature spermatozoa in seminiferous tubules, although testes of shrews are permanently abdominal and subject to higher temperature (Hasler and Nalbandov, 1974) .
We have demonstrated that spermatogenesis in S. murinus in subtropical central Taiwan exists year round with greatest activity and intensity in spring and summer. Timing of such active spermatogenesis was synchronized with rising levels of androgen in plasma. Average monthly levels of androgen in plasma were elevated during March-August, being parallel with the greater activity of spermatogenesis in the same peri-od. Further analysis of data revealed that the correlation between levels of androgen in plasma and different stages of spermatogenesis became more conspicuous; levels of androgen were greatest when maximal spermatogenesis occurred.
Seminal vesicle and prostate are the androgen-dependent accessory sexual organs in most mammals, and the epididymis is partially regulated by androgen. We have observed that levels of androgen in plasma were significantly correlated with weights of testes, epididymis, and seminal vesicle + prostate of S. murinus and that the correlation coefficient between level of androgen in plasma and weight of seminal vesicleprostate was greater than that between level of androgen in plasma and weight of epididymis (Table 3 ). During March-August, weights of seminal vesicle-prostate were elevated in parallel with increased levels of androgen in plasma. We, thus, demonstrated the relation of levels circulating androgen to the seminal vesicle + prostate of wild S. murinus on a monthly basis. In studies of photoperiodic influence on the reproduction of musk shrews under laboratory conditions, levels of androgen in plasma were observed to be parallel with weight of prostate (Rissman et aI., 1987; Wayne and Rissman, 1990) .
Correlations of environmental factors with reproductive activity.-Effects of environmental cues on reproduction by male S. murinus have been investigated (Beg et aI., 1986; Hasler et aI., 1977; Rissman et aI., 1987; Wayne and Rissman, 1990; Wayne et aI., 1991) . Studies indicated that the short photoperiod generally was inhibitory to sexual maturation and reproduction in S. murinus under laboratory conditions (Rissman et aI., 1987; Wayne and Rissman, 1990) . Peak breeding activity of S. murinus occurred in spring-summer with longer length of day (Beg et aI., 1986; Hasler et aI., 1977; Rana and Prakash, 1979) . We also have observed that weight of seminal vesicle + prostate, levels of androgen in plasma and the maximal spermatogenic activity Downloaded from https://academic.oup.com/jmammal/article-abstract/80/3/845/993691 by guest on 24 December 2018 peaked during March-October, when longer length of day and higher temperature occurred. Thus, long photoperiod and higher temperature stimulate reproductive activity in the house shrew.
Effects of rainfall and relative humidity on reproductive activity of house shrews and other mammals are variable and complex. Factors such as amount and length of rainfall, different latitude and elevation, desert or swamp area, and length of rainy season may have different influences on reproductive activity. Rainfall was correlated with the reproductive peak of S. murinus (Rana and Prakash, 1979) . We have observed that rainfall, but not relative humidity, was correlated with weight of testis, epididymis, and seminal vesicle-prostate. Relative humidity remained somewhat stable ranging from 73 to 77% during January-December 1991. Rainfall gradually increased from January to May and increased six fold in July.
